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As early as 1943, while inveptigating the phospacrescence of Ca.8, Sré¢
Ce, Bm, the suggestion vas mds / i/ that nltraviolet ligat uot only sctivatps
phosphiors but, as in the case of the ZnS;02 <+ Mn phoaphcr, aboslerates the
, phosphoressence, 1. s., acts as if "red.” (The msvhanice of phosphorssoence
. cf typical phos 8, to which salkalil earth phosphors alto delongs, 18 a re-
Kibe £ oombining one [!:7: i,0., during ectivation, in genersl, ionivation of the
e e : canters of phospheruscence takes place, but not conversion intc an aotivated
! : zgte During actiwtion Se, Sm or Eu, Sm phosphars acquirs nsv properties
i .37.) This permite olarification of one paradoxical phenomenon (in a
thick layer of phosphor), consisting of a sulden skift in the time betveen
ths growth of toe phosphorascence at the time of ectivation and & simulta-
neously de. .ved growvth of flash vropevty. A strict demonstration of the
pressnce of the accelerative action of the actiyatine light on this phosphor
¥as carricd out culy recentiy by Morgenshtern [ 7} and on the phosphor 8184
Ru, Sm by Trepeznikove ?'5. . )

IR ERTRSYS If an activating light acocelerates yhosphoresssnce, even at Compér-
’ SRR T atively veak intemsitiss, B viil resch the limit Ix of tre acousulated light
: e swe L, But the existerce of ore such 1imit is not sufficient in itself to
Prove the accelerative actiun of tie activeting light as it may ve drought
about by different causes.

TR " Fivst, 13 can bo aseumed that, under conditions of the experiment,
. . Lo all centers of phosphorescence are ionired and cunsequently further growth:
’ R of L 1s impossible, in spite of an inorease in the intenwity of the activat-
ing light B; essccnd, the actiwating light not only induces, dut also
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extinguishes phosphorescence, which sets = limit for the increass of L; third,
there 18 in the phoephor & limited wumber of local levels, and when they are

&ll shown to be £11l94 with electroms, further growth of L ie obvicuely imposeible;
and fourth, the cited activeting light my aleo function simulteneously as

12 "red.”

In the firet case, we havs the well-known equatism expressing the change
in the concantration n of the ionized centers (the light sum L e obyiously
proportionmal to the concentration of the ionized centers n) of phosphorsscence
(or photoslectrens, vhich amounts to the sams thing, inasmuch as the number of R
photoelectrons is equsal to the number of lonized cemters) dwring time e

n == —pn® & B (N-y), (1)
2

vhere p im & conatant,. proporticual to the probability (1) of recambimtion

in.a wnit .of. tims during the concentration of the ionized centers, and equals

one; N.is the ooncontration of all centers of phosphorsacence (both 1onized .

and sicnionized) . . ’ Sl

 Gnder ncﬁiyﬁtioﬁ, vhare ,-oqni‘l?:bﬂ:m 18 establishied betwoen. atsorption

. and rediatian, dn/a <0 and whem the intensity of phosphorescense I = pnZ,

o i4%i4e found, that,: in a ‘state of equilibriwm
I o =B(Eng,).

It follovs from this equation that wisn E 13 large, and neo is
cazparable wvith ¥, the linear relationship betwesn I ¢o and B is disturbed.
Ia the experimout, however, for the cited alkali earth phosphers 1 oo vas at
el times proportiomal to B, (It ehould be noted that, in the majurity of
cases, thexe wvas nc fluorescence proportional vo X that could affect the read-
ings.), even vhen n oo (Ioo) reached the maximum value ny (Iy), Hence, under

the comddbions of ths sxporizent, it wma alsways Srue shad

n <:< K. ' {2)

In the second case, teking into consideration the relatica (2} and the i
PT .49 of arxtinmction, there appsais In the place of (1) : -

dn = _pa® __ 5Ty + K, (3)
dd
¥here X 1s a certain coefficient of proportiomality, alloving for extinosion.
Obviously, tkias term muet be rroportioval to beth % and n.
Stnce I m yn? and, during full activaticn dofhd :0, 1t follows from {3)
that

IToo:EN -~ XN e).

If extinction plays un isportant rols, « n 6o should be comparadle
vith N, but in that cass thers vould bo ancther disturbance of the linear
relationship detween I oo and X which s contrary to the experiment.
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In the thind case, if we start frem ths equations evolved by Adirovich
P [ 17»1’01‘ extinotion, and supplement them with the teym allowing for activa- .
e T tion, there is obtainsd for n an equation analogous to {3). The difference
0 ; - 18 the fact that in this case the torti x Fndoss not give the mumber of "decay-
Ing" ‘canters of phosphorescense but allows for the £11ling of local levels
with elsctione. s before the term pn gives the mumber of recombdinations
‘made Jogaidle by the electrons released from local levels.

C U gtnee) ‘pow; in contyast to the Tormer seoation Ts pnablnn it follows
fxom (3) that, during full activation (dn/da9 -0}

Ioo « EN,

BN 000 L., I, is proportional toE.

: . S G ame dependence of 6o on B 18 'given by equation {3) when dn/dd: 0. 1
S R o tmm 1ntrod.ucod. Dev mormalized varisbles i oo « '2;\79' and F o ;;\VE

?

, RO ’ Feo ™ '-‘5::‘{4-‘5‘7 5 ' (%)
3 (Tt 48 éuﬂdﬁn too‘baomthﬁt fj:&m"gq{wticn:,(l)\'tha dmﬂomo of Tt oo on g‘il
.-t same, only the normaliring fadtora will be different.) " In such a noriel-

" tzation for mmll values of F ' the megnitude vhen

e = VE when Es i, 57 .

- b . In the fourth case, the equation for n, unlike (1) and (3), will no%
i contain a term, limcar in relation to n, but on ths vthor hand, the magni-
Yufe p will consiat of two parte: £, , the proportional probabdility of Te-
combination, nt on electrons released from the local levels by the
thexwmal method (probability of "thermal” recambination), and o X the eleo-
trons yrelpased by the optical mthod by activation {probability of "opti-
oal” recombination),

dn . , »
— GE rn* N
75 (po+oE)P+EN, 5)
; ' : : . If there is introduced here place of (4) the normalized variables
s ‘ AT I 7 =71/ Yool F=afytbere shall s rly be chtained.
et I - rr
"V r - (6)
. s '
. ..~. . .3 .
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. Just as before, for smll values of E the magnitude ﬁmﬂ,gvhen EpooR->l.

The difference between (4} and (6) lies only in the cemtral part of
the curve /1 oo in the function derived from E, as graphically shown in the
previously mentioned work of Morgenshtern ;_" 5] ; where these cnurves are
compared with experimsnial results, The latter can conform valy %o a theo-
retical curve (6).

The presence of an accslexative action of an activating light is corrob-
orated also by interesting experiments mads by Morgenshtern. It was shown
that: 1t was possidle to observe an immediete flash upon the action of an
activating light and that the limiting magnitude m 18 dspendent on ths wave-
length A of the activating 1ight. These results cannot in any way be rec-
oncilad with the fact that the Limit nM 16 dependent on the filling of all
{deep) local levels by electrons, Othervise, this would imply that ny =m,
vheére m,—1s. the comcentration of local levels. In that case m, would also
be & function of A which seems hardly probable.

The experiments of Trapeznikova / 6_/ with pbosphor Si5 § Eu, Sm
s6rve a8 direct proof of tie accelerative action of activating light and

the mbeence of an extinguishing effect.

... The new phosphora have ops more noteworthy property, the magnitude of
the ‘1ight. ‘sum 1#' very much derendent on the method of obtaining it [%, -
with optical (L), 1.e., infrared light excitation, the magnitude can mcme-

timam be greater than with thermal (L), i.6., the heatiug of phosphor. i
Morgenshtern '/ 07 shoved thet this is due to the fact that the probebility : .

- of .pecosbinetion with redistion for the slectron reélsxesd by the optical
method, for CuS.S8r8{Ce,Sm phosphor is five timee wreater than in the case

of thermal activation. (According to dats Just published by Morgwnshtern,
the piocture is approximmtsly the ssme for SrS3Eu ,5m phosphor.)

It follows from the experiments of Irapeznikova and Morgensktern that B
the light sum Ig determinsd from the curves of the growth of phosphorescence, : v
in cese of sctivation by opticel light, 1s equal to L. but, where the
activation 1s ultraviolet lighi, it 12 from cne and one balf to two times

loas than L.

. The lower effectiveness in recombination with radiation for ultraviolet
light way be dependent on the fact that under copditions of the oxperimsnt
vhere the ultraviolet is woaker in zcoparison with the visible light, a large
part of the thexmel electrons is involved in recombination. According to
the work of Morgenshtorn [gn » this muct lead to a diminutiern of the output
of phosphorescence,

The preserce of therual slectrons in the provess of the growth of
phosphorescdence cin be seen fram the results of Trapsznikova. It follows
fram his experimexts that, in repeatad activation, after the temporary
process is extinguisbed, the luminous intensity I is, at least at first, of
an order lecs than the limit I oo, althougk, at the sume time, the light
&um n /sic/ i@ whowa Lo he less than the limit, but only by a few porcent.
(3uch a_process must be dependent upon the presence of ammll local lev-le
L5, 10/.7 On ths other hand I very guickly reaches tne vslus I oo (grovth
of the temporary process). Tiis showa that, on the ons hand, for elsctrons, O .
the prodability of recombination 1s fer less than the probability of local- SR |
ization and, on the ot.er hend, thut the rapid growth of phosphorescence ) 2
s oeusid by thermel or, perbaps sven optical (activating light) reverse
activation of electrons accumulated at the time when thie procees Adeveloped.
The abrupt growth of I, i.e., che number of recombinations, canuot be depend- d et
ent on tho grovth of n, innemuch as n alvaye increases by only a few percent. L B -
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: The smaller n is, the smaller the probability oi recombination and the e
larger the probadility of locallzation, which, of sourse, Increases the chare L
of the thers ! electrons, and therefore correspordingly diminighes the out-
put:of phoephorescence. According to Trapesnikom’s data, during activation
by ultraviolst light, Ly was one half of that of activation by optice:: light,
whichy acoording %o the foregoing, should have diminished the output of
- phosphorescence during activation by ultraviolet light.

“In'eonclusion, 1t may be mentioned that the new phosphors have xeny
.- interesting propertiee and unusually complicated processes of phosphorescsncs,
.andy thongh 1t may sges paradaxicel, i1t 1s due precisely to these cosiplicated
Processss thet 1t ‘e Bomstimes possidle to clarify certain details of the
phencmencn; which can hardly be succesefully studied in ordinary phosphors.
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